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Details 

1 . Name of invention 

Electro luminescent element and the manufacturing method of the electro luminescent 
element 

2. Range of the patent claims 

(1) It is an AC drive electro luminescent element, which shall be characterized by 
having the structure, which is including the opposite electrode at the insulation 
layer side, which is made of at least one kind of ferroelectric powder, which shall 
have the thickness of between 5 ^m and 0.5 mm and is scattered within the 
suitable organic binder, which shall be attached to the thin film emission layer, 
which is made of at least one kind of the phosphor material of the thickness 
between 0. 1 |am and 2.0 ^im, which is created on the transparent base structure, 
and which shall form the transparent electrode. 

(2) It is an AC drive electro luminescent element, which is mentioned in (1) of the 
range of the patent claim, and the abovementioned thin film emission layer shall 
be the single layer film, which is made of at least one kind of the phosphor 
material, which shall include sulfide related phosphor, or shall be the multi-layer, 
which is made of at least 2 kinds of the phosphor, or shall be the multi-layer, 
which is the multi-layer with the thin film, which is not the phosphor within the 
range of without lowering emission efficiency of the phosphor itself. 

(3) It is an AC drive electro luminescent element, which is mentioned in (1) of the 
range of the patent claim, and the abovementioned insulation layer is either a 
mixture of ferroelectric powder and normal dielectric powder, or a mixture of 
ferroelectric powder and resistor powder. 

(4) It is an AC drive electro luminescent element, which is mentioned in (1) of the 
range of the patent claim, which shall be characterized by inserting the thin film 
resistance layer, which shall work as the electric charge injection layer to the 
internal area of the thin film emission layer and placed between the 
abovementioned thin film emission layer and the insulation layer. 

(5) It is a manufacturing method of the AC drive electro luminescent element, which 
shall be characterized by forming the abovementioned thin film emission layer on 
the transparent base structure, which shall form the transparent electrode, and the 
abovementioned insulation layer shall be molded or applied on top of the said thin 
film emission layer, and the opposite electrodes shall be formed consecutively on 
top of the said insulation layer. 

(6) It is a manufacturing method of the AC drive electro luminescent element, which 
is mentioned in (5) of the range of the patent claim, and it shall be created by 
gluing in a way so that the thin film emission layer and the insulation layer shall 
be contacted after separately creating the abovementioned thin film emission 
layer, which is formed on the transparent base structure, which shall form the 
transparent electrode, and the abovementioned insulation layer, which is either 
molded or applied onto the opposite electrodes, which shall be composed of the 
conductive part. 
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3. Detailed explanation of the invention 
(Utility field of the industry) 

This invention is concerning the electro luminescent element and the manufacturing 
method of the electro luminescent element. 

(Existing technique) 

Commonly, the electro luminescent element (hereinafter referred to as EL element) is 
used for various kinds of displays as the flat solid emission display element. Such El 
element can be divided into the thin film type and the scattered type for the purpose of 
the structure, and they can be divided into the AC voltage driving type and DC voltage 
driving type for the purpose of the driving method. However, currently the thin film style 
AC double insulation structure EL element and the scattered style AC drive dielectric 
scattered EL element are used. 

(The problem to be solved by the invention) 

However, these EL elements are expensive and because the driving voltage is high and so 
that in order to obtain sufficient luminance, generally it requires a high frequency power 
source, which is not easy to obtain, and therefore, it is difficult to apply for the use of the 
display lamp, etc., which shall use a single-phase power source or DC power source, etc. 
Further, there are problems such as catastrophic insulation destruction from applying high 
voltage concerning the thin film type, and the life of the scattered type is rather short. 
Therefore, concerning the existing EL element, the thin film type is used within the 
limited area, such as an expensive terminal display for computers, and the scattered type 
is used also within an extremely limited area due to the reasons that the life is short and it 
is not able to obtain the sufficient luminance. 

Therefore, the purpose of this invention is to provide the EL element, which shall have a 
long life, emission with high luminance in larger areas without having concerns of 
catastrophic insulation destruction, as well as providing low cost, easy to manufacture, 
low voltage EL element, which uses the AC drive. 

(The method of how to solve the problem) 

In order to solve the aforementioned problems, in this invention the electro luminescent 
element is structured by the thin film emission layer on the base structure, which shall 
have the transparent electrodes and the insulation layer with the opposite electrodes. The 
abovementioned thin film emission layer shall be composed of the thin film, which shall 
have at least one kind of the phosphor material including sulfide related phosphor, and 
the abovementioned insulation layer shall be made of at least one kind of a film, which is 
composed of ferroelectric, which shall have the thickness of between 5 urn and 0.5 mm. 

The thin film emission layer, which shall construct the EL element concerning the 
invention, can be created on the transparent electrode using at least one kind of phosphor 
material including the sulfide related phosphor either by the vacuum deposition 
technique, sputtering method or the organic metallic chemical vapor deposition method. 
Further, the insulation layer, which is made of ferroelectric that shall construct the EL 
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element, which is related to this invention, can be created on the thin film emission layer 
by drying after processing the mixture of mixing the suitable organic binder and viscosity 
liquid with the ferroelectric powder to the designated thickness. 

The EL element which is related to this invention shall have the structure, which is shown 
in Figure 1 such as the base structure 1 / transparent electrode 2 / thin film emission layer 
3 / insulation layer 4 / opposite electrode 5. However, the EL element can be created by 
forming using one of the well known methods of the vacuum deposition technique, the 
sputtering method, the spray method or the chemical vapor deposition method, etc., and 
then either by creating the metallic thin film by the vacuum deposition method or the 
sputtering method as the opposite electrode on the abovementioned insulation layer 
together with the thin film emission layer, or by firmly attaching (gluing) the metallic foil 
in order to make the phosphor emission layer and the insulation layer contacted to each 
other by gluing together. It is also possible to create the EL element by attaching the 
opposite electrode to the abovementioned insulation layer, which is formed either by the 
applying method or the screen printing method, etc. after forming the thin film emission 
layer on the transparent electrode, which is on the base structure. 

Also, in order to insert the electron in the thin film emission layer efficiently, as shown in 
Figure 2, the electric charge injection layer 6 can be created between the thin film 
emission layer 3 and the insulation layer 4, or conductivity can be added to the insulation 
layer 4. 

(Function) 

The El element which is related to this invention is able to use the molecular beam 
deposition method, the atomic layer epitaxy method and the organic metallic chemical 
vapor deposition method, etc., which can create the high quality thin films for the 
purpose of the technique to create the thin film emission layer, and therefore, high 
emitting luminance and high emitting efficiency, which is the strong point of the thin film 
type EL element, which shall have the emission layer with the high quality 
crystallization, can be actualized. Further, because the ferroelectric with high dielectric 
constant, which is commonly used for the scattered type EL element for the purpose of 
the insulation layer with high insulation ability, which shall have the thickness of 
between 5 um and 0.5 mm, such problem among the thin film type EL element, which is 
the catastrophic insulation destruction, shall not occur. Further, because it shall contain 
the thin emission layer and the insulation layer with high dielectric constant, low voltage 
drive can be possible. Therefore, this EL element shall have both advantages of the thin 
film type and the scattered type. 

Hereinbelow, the implementation example of this research shall be explained. 
(Example of implementation 1) 

Manganese (Mn) was doped by the thermal diffusion method at approximately 600 °C to 
the zinc sulfide (ZnS) thin film, which was created by the organic metallic chemical 
vapor deposition (MOCVD) method, which used CS 2 as the sulfur source and DEZ as the 
zinc source, on the ITO transparent conductive glass (HOYA manufactured glass), which 
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is a good on the market. And on top of this, the paste, which is created by the mixture of 
the viscosity liquid, which shall have the transparent and colorless organic binder, and 
BaTi0 3 powder, which was mixed at room temperature for 2 hours, was applied by the 
screen printing method for the approximate thickness of 20 |im, then it was dried for 30 
min. at 120 °C, and after that the EL element was created by making the opposite 
electrode from the aluminum (Al) metallic thin film using the vacuum deposition 
technique. By driving this EL element at the sine wave AC voltage of 5kHz, orange 
color emitting was recognized from around 40V, and obtained approximately 1000 cd / 
m 2 as the highest luminance. The emitting area of the EL element of this case was 
approximately 400 mm 2 , and this emission was even on the entire surface of the element. 
The luminance characteristic for the obtained applied voltage is shown in Figure 3. 

(Example of implementation 2) 

The EL element was created by the thermocompression bonding at 140°C and the wire 
pressure of approximately 1.8 kgf / cm making the thin film emission layer and the 
insulation layer to be attached, which was applied between the ZnS : Mn thin film 
emission layer, which Mn was doped, and which was created on ITO transparent 
conductive glass by the same method of the implementation example 1, and BaTiC>3, 
which is the paste, which was applied for the approximate thickness of 20 jam by the 
screen printing method, which was created by the mixture of the same material as the 
implementation example 1 on the Al board of the approximate thickness of 100 jam as 
the opposite electrode. By driving this EL element at the sine wave AC voltage of 5kHz, 
orange color emitting was recognized from around 40V, and obtained approximately 
1000 cd / m 2 as the highest luminance. Also, this emission was even on the entire surface 
of the element. 

(Example of implementation 3) 

Using the same method of the implementation example 1, ZnS : Mn thin film emission 
layer, which Mn was doped, was created on the ITO transparent conductive glass, and on 
top of this, Ta 2 0 5 thin film resistance layer with shifted stoichiometric composition rate 
of the thickness of approximately 30 nm was created by the sputtering method for the 
purpose of the electric charge injection layer, and then following the same method of the 
implementation example 1 or the implementation example 2, the insulation layer BaTiC>3 
and the EL element, which shall use the opposite electrode of Al, were created. By 
driving this EL element at the sine wave AC voltage of 5kHz, strong orange color 
emitting was recognized from around 30V, and obtained approximately 1500 cd / m as 
the highest luminance. Also, this emission was even on the entire surface of the element. 

(Example of implementation 4) 

Concerning the implementation example 1 and the implementation example 2, the EL 
element was created by the same method as the implementation example 1 and the 
implementation example 2 using ZnO : Al transparent electrode, which was created by 
the high frequency magnetron sputtering method on the corning 7059 glass, which was 
used instead of the ITO transparent conductive glass. By driving this EL element at the 
sine wave AC voltage of 5kHz, the highest luminance of approximately 1500 cd / m 2 was 
obtained. Also, this emission was even on the entire surface of the element. 
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(Example of implementation 5) 

Concerning the implementation examples 1 to 4, the EL element was created by the 
same method as the implementation examples 1 to 4 using ZnS : TbF 3 thin film emission 
layer instead of ZnS : Mn thin film emission layer, and in all cases, the green color 
emitting was obtained on the entire surface of the element evenly. 

(Example of implementation 6) 

Concerning the implementation examples 1 to 4, the EL element, which shall have the 
transparent electrode, which is patterned into a voluntary character in advance, was 
created. By driving this EL element at the sine wave AC voltage of 5kHz, the orange 
color emitting was obtained evenly on the entire surface of the transparent electrode, 
which was patterned into a character style. 

(Example of implementation 7) 

Concerning the implementation example of 1 to 4, the EL element was created, which 
shall have the structure of the striped patterning in order to make the transparent electrode 
and the opposite electrode to be facing each other at right angles. By driving this EL 
element at the sine wave AC voltage of 5kHz, orange color emitting was obtained in a 
dot matrix style. 

(Effectiveness of the invention) 

Concerning this invention, due to the reason that the EL element shall use the 
ferroelectric of the thickness of between 5 |im and 0.5 mm for the purpose of the 
insulation layer, the problem with the existing thin film style EL element, which is a 
damage of the element occurred by the catastrophic insulation destruction, shall be 
dissolved. Further, because the insulation layer is thick, and therefore, when creating the 
insulation layer, ferroelectric powder of the desired particle size can be used, which shall 
make it possible to obtain the insulation layer, which shall have higher dielectric constant 
compared to the thin film, and reducing of the emitting threshold voltage of the element 
shall become possible. Further, because the emission layer can be created by the vacuum 
deposition technique such as the MOCVD method, the atomic layer epitaxy method and 
the molecular beam deposition method, etc., or by the sputtering method, which are able 
to create high quality sulfide related phosphor thin film, therefore, compared to the 
existing scattered type EL element, higher emitting luminance and higher emitting 
efficiency can be actualized. Also, just by processing the transparent electrode, the 
character pattern can be displayed, and further, by the striped patterning in order to make 
the transparent electrode and the opposite electrode to be facing each other at right 
angles, matrix display can easily be actualized. Therefore, this EL element of the 
invention shall have both advantages of the thin film type and the scattered type, and 
also, it makes up for the shortcomings of the both types, which can be said as the 
unprecedented EL element. 

4. Simple explanation of figures 

Figure 1 shows a cross section figure of an example structure of the electro luminescent 
element, which is related to this intention, and figure 2 shows a cross section figure of 
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another implementation example of the structure of the electro luminescent element, 
which is related to this invention. Figure 3 is an example of voltage - luminance 
characteristics of the electro luminescent, which is related to this invention. 



1. Base structure 

2. Transparent electrode 

3 . Thin film emission layer 

4. Insulation layer 

5 . Opposite electrode 

6 . Electric charge inj ection layer 

Applicants of the patent: Uchihisa Minani and 2 others 
Figure 1 (P.518, left upper) 



Figure 2 (P.5 1 8, left bottom) 



Figure 3 

Vertical: Luminance (cd / m 2 ) 
Horizontal: Applied voltage (V) 



